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[57] ABSTRACT 

Hygroscopic ceramic materials which are difficult to water- 
proof with a silane, substituted silane or silazane waterproof- 
ing agent, such as an alumina containing, fibrous, flexible 
and porous, fibrous ceramic insulation used on a reentry 
space vehicle, are rendered easy to waterproof if the interior, 
porous surface of the ceramic is first coated with a thin 
coating of silica. The silica coating is achieved by coating 
the interior surface of the ceramic with a silica precursor, 
converting the precursor to silica either in-situ or by oxida- 
tive pyrolysis and then applying the waterproofing agent to 
the silica coated ceramic. The silica precursor comprises 
almost any suitable silicon containing material such as a 
silane, silicone, siloxane, silazane and the like applied by 
solution, vapor deposition and the like. If the waterproofing 
is removed by, e.g., burning, the silica remains and the 
ceramic is easily rewaterproofed. An alumina containing 
TABI insulation which absorbs more that five timed its 
weight of water, absorbs less than 10 wt. % water after being 
waterproofed according to the method of the invention. 

33 Claims, No Drawings 
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METHOD FOR WATERPROOFING 
CERAMIC MATERIALS 

ORIGIN OF THE INVENTION 

The invention described herein was made in the perfor- 5 
mance of work under a NASA contract and is subject to 
Public Law 95-517 (35 U.S.C. 200 et seq.). The contractor 
has waived all rights in and to the invention. The contractor 
has not elected to retain title in the invention. 

10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to waterproofing ceramic materials. 
More particularly, the invention relates to waterproofing 
ceramic materials, including rigid and flexible ceramic ther- 
mal insulation materials of a type used on space vehicles, by 
providing a silica coating on the ceramic, followed by 
coating the so-formed silica coated ceramic with a silicon 
containing waterproofing material, such as a silane. 20 

2. Background of the Disclosure 

Reusable space vehicles, such as the space shuttle which 
must leave and reenter the earth’s atmosphere, require 
exterior thermal insulation. The successful operation of the 
space shuttle required the development of light weight and 25 
very thermally efficient exterior insulation which had to 
withstand a wide variety of environments. During reentry 
back into earth’s atmosphere, the insulation must maintain 
the vehicle’s exterior structure below 175° C. while expe- 
riencing substantial aeroconvective thermal environments 30 
which can heat the surface of the insulation to temperatures 
in excess of 1,000° C. In space the thermal protection must 
insulate the vehicle from the deep and constant cold (e.g., 
-70° C.) experienced while in orbit. In addition to thermal 
and aeroconvective environments, the insulation must also 35 
be able to withstand the mechanical stress associated with 
launch vibrations, acoustics, structural movement of the 
surface of the vehicle and of the ceramic insulation, and the 
landing impact. The ceramic insulation must be unaffected 
by contact with salt water and spray, and must also be 40 
waterproof. Thermal insulation for protecting space vehicles 
has included both rigid and flexible silica ceramics and, 
more recently, both rigid and flexible composites of a 
plurality of ceramic layers both with and without intervening 
layers of metal. The flexible ceramics are woven and felted 45 
from ceramic thread and fibers into cloth and batting, sewn 
together with ceramic thread. 

These ceramic composites are very porous, having a void 
volume of over 90%. They are also hygroscopic, being able 
to absorb more than three to five times their own weight of 50 
water. Besides adding to the weight of the insulation, the 
presence of water in the ceramic insulation can create other, 
more serious problems. If the insulation is rigid and contains 
significant amounts of moisture when entering space, the 
moisture freezes in the sub-zero space environment. Initially 55 
the water expands as it freezes and then contracts as it 
rapidly cools down. This cracks the ceramic insulation. On 
reentry into earth’s atmosphere, the frozen moisture present 
in the insulation will explosively vaporize, thereby destroy- 
ing the integrity of the insulation and even blasting some of 60 
it off the surface of the vehicle. This requires repair and 
replacement of the affected insulation and can also expose 
the outer metal skin of the vehicle to temperatures well in 
excess of 175° C. On one occasion as a result of a hail storm 
at the JFK Space Center, so many tiles on the Space Shuttle 65 
lost their waterproofing and picked up moisture, that the 
orbital time line of the vehicle had to be changed to provide 
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a favorable Sun attitude to drive the water out of the tiles 
before ice damage could occur. Flexible ceramic insulation 
is more forgiving with respect to freeze/thaw damage, but 
the excess weight of absorbed water is still a significant 
problem. Therefore, it is imperative to the successful opera- 
tion of reentry space vehicles such as the space shuttle, that 
the insulation be waterproof and not absorb moisture. 

More advanced ceramic insulation has been and continues 
to be developed for space shuttles and other reentry space 
vehicles in which either all or a substantial portion of the 
insulation comprises one or more refractory metal oxides, 
carbides, borides, silicides, borosilicates and nitrides as set 
forth above and disclosed, for example, in U.S. Pat. Nos. 
5,038,693, 5,277,959 and 5,296,288, the disclosures of 
which are incorporated herein by reference. Ceramic mate- 
rials currently in use or in development include high purity 
silicon dioxide, aluminum oxide, silicon carbide, 
aluminosilicate, aluminoborosilicate and zirconium diboride 
as illustrative, but nonlimiting examples. The insulation is 
reusable, can be flexible, and as mentioned above comprises 
composites of a plurality of layers of different materials, 
sane of which include metals. As with insulation comprising 
primarily silica, these new types of advanced insulation are 
also hygroscopic. Unlike silica which is easily waterproofed 
with a silane waterproofing agent, other materials such as 
alumina are difficult to waterproof and require multiple 
treatments of large amounts of toxic and expensive water- 
proofing agents. Therefore, reducing the amount and number 
of treatments required to waterproof such insulation material 
with a silane waterproofing agent would represent a signifi- 
cant improvement to the art. Further, since the waterproofing 
is burned off during reentry into the atmosphere, the insu- 
lation must be able to be rewaterproofed on the vehicle and 
preferably at ambient conditions. 

SUMMARY OF THE INVENTION 

The present invention relates to the discovery that hygro- 
scopic ceramic materials which are difficult to waterproof 
(such as alumina) with a silicon containing waterproofing 
agent are easily waterproofed if the ceramic material is first 
coated with silica. Thus, the invention relates to a method for 
waterproofing a ceramic which comprises providing a silica 
coating on the ceramic and then coating the silica coated 
ceramic with a silicon containing waterproofing agent. The 
invention also relates to a waterproof ceramic or ceramic 
composite comprising a ceramic substrate coated with silica 
and having a coating of a silicon containing waterproofing 
agent disposed over the silica coating, wherein at least a 
portion of the ceramic composite comprises a ceramic 
material such as alumina which is difficult to waterproof 
with a silicon containing waterproofing agent. In another 
embodiment the invention relates to a method for water- 
proofing a ceramic which method comprises coating the 
surface of the ceramic with a coating of a silica precursor, 
converting the silica precursor to silica and then coating the 
silica coated ceramic with a silicon containing waterproofing 
agent, such as a silane. This invention is useful for water- 
proofing both dense and porous ceramics. By waterproofing 
is meant that a ceramic waterproofed according to the 
practice of the invention picks up less than 25 wt. %, 
preferably less than 15 wt. %, more preferably less than 10 
wt. % and still more preferably less than 5 wt. % water after 
being in contact with water for a period of at least ten 
minutes. Also, by waterproofed or waterproofing is meant 
that the ceramic is rendered water repellant and not water 
impervious. 

The invention is useful for waterproofing rigid and flex- 
ible ceramic insulation used on space vehicles, such as the 
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space shuttle, which is difficult and expensive to waterproof 
if the process of the invention is not used, because the 
insulation contains a difficult to waterproof material, such as 
alumina. Thus, hygroscopic ceramic materials which are 
difficult to waterproof with a silane, siloxane or silazane 5 
waterproofing agent, such as an alumina containing, porous, 
flexible or rigid ceramic insulation used on a reentry space 
vehicle, are rendered easy to waterproof if the surface of the 
ceramic is first coated with a coating of silica. The silica 
coating is achieved by coating the surface of the ceramic 10 
with a silica precursor, converting the precursor to silica, and 
then applying the waterproofing agent to the silica coated 
ceramic. The silica precursor comprises almost any suitable 
silicon containing material such as a silane, silicone, 
siloxane, silazane and the like applied by solution, vapor 15 
deposition and the like. If the waterproofing is removed, the 
silica coating remains and the ceramic is easily re water- 
proofed. As an illustrative, but nonlimiting example, a 
flexible insulation fabricated from ceramic fibers and con- 
taining alumina batting which absorbs more than five times 20 
its weight of water, absorbs less than 10 wt. % water after 
being waterproofed according to the method of the inven- 
tion. 

A ceramic article waterproofed according to the method 
of the invention from which the silicon containing water- 25 
proofing agent has been removed (e.g., by pyrolysis) is 
readily rewaterproofed by reapplying the waterproofing 
agent to the ceramic. It has further been found that the silica 
coating provided on the ceramic according to the practice of 
the invention is reusable in that it survives the conditions of 30 
heat and oxidation similar to that experienced by the surface 
of a space vehicle on reentry into the earth’s atmosphere 
over many cycles and therefore is reusable. Thus, the 
ceramic insulation on a space vehicle waterproofed accord- 
ing to the process of the invention is easily rewaterproofed 35 
in-situ on the vehicle after reentry and docking. 

DETAILED DESCRIPTION 

As set forth above, although by no means limited to this 
embodiment, the practice of the invention has been found 40 
useful in waterproofing rigid and flexible ceramic insulation 
used on reentry space vehicles in which the insulation 
contains one or more materials which are otherwise difficult 
and expensive to waterproof, such as alumina. Those skilled 
in the art know that many ceramic materials, and particularly 45 
metal oxide ceramic materials are hygroscopic and absorb 
water if not waterproofed. This phenomenon of hygroscop- 
icity has been known for a long time and silicon containing 
materials have been and still are used to waterproof ceramic 
articles. However, the invention does not reside in either 50 
using silicon containing materials to waterproof hygroscopic 
ceramics or in applying a silica coating to the ceramic 
surface, but in the combination of first providing a silica 
coating on the surface of a ceramic which is difficult to 
waterproof and then applying a coating of a silicon contain- 55 
ing waterproofing over the silica coated ceramic surface. By 
ceramic surface is meant to include the interior surface of a 
porous ceramic article such as rigid and flexible ceramic 
insulation and particularly ceramic insulation fabricated 
from ceramic fibers, such as insulation used and prepared for 60 
use by reentry space vehicles. This includes ceramic insu- 
lation which is a composite of many layers of materials, 
some of which may be metal and plastic and which are also 
used as thermal control means, illustrative, but nonlimiting 
examples of which are disclosed in the ’693, ’959 and ’288 65 
patents referred to above as well as in articles by Dotts et. 
al. and by Schomberg, et. al. referred to in more detail below. 
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Many of these ceramics are so porous that they have interior 
void volumes of more than 90%. It is this interior surface 
structure which must be waterproofed as well as the external 
surface of the ceramic. Thus, the practice of the invention 
provides a waterproof coating to the entire surface of the 
ceramic in such applications, both interior and exterior as 
will be further explained below. Further, both the silica 
coating and the coating of waterproofing agent are very thin, 
being on the order of less than one micron, which renders the 
silica coating applied by the process of the invention flexible 
in contrast to the rigid and concomitantly brittle siliceous 
coatings of the prior art. 

There are a variety of silicon containing waterproofing 
agents which are known in the art and which are useful in 
imparting hydrophobicity or waterproof properties to ceram- 
ics in the practice of the invention. For, example, U.S. Pat. 
No. 2,774,690 discloses the deposition of siliconaceous 
substances on the surface of materials, including ceramics, 
normally non-water repellent for making them water repel- 
lent. Silicon containing compounds disclosed as useful 
include substituted silanes such as alkyl-, aralkyl-, 
alkyloxy-, aralkyloxy-silanes, or halogeno -silanes, amino 
silanes (silylamines), silazanes, silanols, siloxanes, polysi- 
loxanes or silicones, and silicon esters. This patent claims a 
mixture of a methylpolysiloxane with a methylhydrogen- 
polysiloxane and a titanium compound for waterproofing 
ceramics and fabrics. U.S. Pat. No. 4,387,195 discloses 
reactive polydiorganosiloxane liquid and a disilazane, while 
U.S. Pat. Nos. 4,649,063 and 4,814,407 disclose silanes for 
waterproofing porous rigid, sintered and pressed bodies of 
short staple amorphous silica fiber (such as tiles for a space 
vehicle) by coating the bodies internally throughout the pore 
structure, with a halide-free alkylalkoxy silane having the 
general formula (R0) 4 _ n — Si-[(R’)-(QR') y ] n , wherein R is an 
alkyl group or fluorine substituted alkyl group containing 
from 1 to 3 carbon atoms, R' is hydrogen or aryl, or alkyl, 
or alkene group containing from 2 to 10 carbon atoms, R" is 
an alkyl group or fluorine substituted alkene containing from 
2to 10 carbon atoms, n is 1 to 3, y is 0 or 1, and when y is 
1, R' is alkene or substituted alkene containing from 2 to 10 
carbon atoms. A heteroatom, Q, may be present in the alkyl 
substituent attached to silicon such as O, N, or S. The 
disclosures of these patents are incorporated herein by 
reference. Suitable polysiloxanes or silicones may also be 
used as waterproofing agents in the practice of the invention. 
The silicon containing waterproofing agent is applied by any 
suitable means. However, it has been found convenient to 
provide a waterproof coating to a silica coated ceramic in the 
practice of the invention by using one or more silanes such 
as dimethylethoxysilane and hexamethyldisilazane both of 
which as a vapor easily applied as liquid, and also methyl- 
trimethoxysilane which are deposited on the silica coated 
insulation and converted to a siloxane by contact with acetic 
acid and water vapors. A coating of a silicon containing 
waterproofing agent according to the practice of the inven- 
tion excludes a thick coating of silicone applied to the outer, 
exterior surface of the ceramic such as the cast silicone 
(Dow Corning DC 92-007) coating disclosed in the Dotts, et. 
al, article below. Preferred waterproofing agents include 
those selected from the group consisting essentially of 
silanes, substituted silanes and silazanes (including 
disilazanes) and mixture thereof. 

Without wishing to be held to any particular theory, it is 
believed that chemical reactions occur between the water- 
proofing agent and the ceramic substrate as illustrated below 
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for methyltrimethoxysilane which is applied by vapor depo- 
sition and catalyzed with acetic acid and water vapor (not 
shown): 


och 3 oh 

I I 

CH 3 — Si— OCH 3 + (— Si— O— ) x ^ 

I I 

och 3 o 

I 


ch 3 ch 3 

I I 

ch 3 o— S i— och 3 ch 3 o— S i — o 




0 \ 

1 

1 

— Si— 0— 
1 

+ 

1 

— Si— 0 — 
1 

f J 

X 

1 ? ) 


och 3 

I 

Si— ch 3 

I 


och 3 


10 


15 


and for hexamethyldisilazane: 
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In the above equations the — [H0Si(0) 2 ] — represents a 
silica substrate. It is believed that the waterproofing material 
reacts with the silica to form a hydrophobic water repellant 
siloxane (in some cases a polysiloxane if cross linking 
occurs) coating on the surface of the silica. In the context of 
the invention therefore, by waterproofed or waterproofing is 40 
meant that the waterproofed ceramic is water repellant, as 
opposed to being impervious to water. 

Unlike the relatively thick, rigid and brittle glass coatings 
of the prior art, the silica coating applied according to the 
practice of the invention is typically thin enough to be 45 
flexible, so that it can be used on both rigid and flexible 
porous ceramic insulation without cracking and exposing the 
hygroscopic insulation under the coating to moisture. As 
shown in the Examples below, a typical silica coating 
according to the invention to alumina fiber batting in which 50 
the fibers have a mean diameter of 3 microns experiences 
weight increase of less than 5 wt. % when provided with a 
silica coating according to the practice of the invention. If 
the silica coating was as little as one micron thick, the 
batting would have experienced a weight increase of about 55 
50 Wt. %. This thus gives an idea of the thinness of the silica 
coating according to the practice of the invention. Further, 
and at least as important, as set forth above the silica coating 
applied in accordance with the process of the invention 
penetrates the interior void volume of a porous ceramic and 60 
coats the interior surface as well as the exterior or outer 
surface with a thin coating of silica. In the case of ceramic 
insulation fabricated at least in part of ceramic thread, 
filaments and fibers which results or a woven, felted or 
matted ceramic having a void volume typically at least about 65 
90%, the silica coating and the silane coating applied to the 
ceramic in the practice of the invention coats both the 


exterior surface and also penetrates into the interior void of 
the ceramic, thereby coating the interior surface as well. The 
interior surface of such ceramic comprises fibers, threads 
and filaments. Thick, brittle glass coatings, have been used, 
in part, to impart moisture resistance to rigid and flexible 
porous ceramic insulation having a void volume of greater 
than 90%, by coating the exterior outer surface of the 
ceramic insulation as disclosed in U.S. Pat. Nos. 4,093,771; 
4,358,480; 4,746,480, and 5,296,288 and also in an article 
by Dotts, et. al. “The Toughest Job Ever”, p.616-626 in 
Chemtech, October, 1984 and an article by Schomberg, et. 
al., SAE Technical Paper Series No. 831117 “Moisture 
Absorption Characteristics of the Orbiter Thermal Protec- 
tion System and Methods Used to Prevent Water Ingestion”, 
Thirteenth Intersociety Conference on Environmental 
Systems, San Francisco, Calif., Jul. 11-15, 1983. The glass 
coatings are typically borosilicate or aliminoborosilicate 
surface coatings, optionally containing particulate (silicon 
tetraboride (black) as an emittance agent to increase the 
emissivity of the coating. However, the glass is an exterior 
surface coating and doesn’t coat the fibers of the porous 
interior of the insulation (if it did the insulation would weigh 
too much). The glass coated insulation is further treated with 
a silane waterproofing agent such as vapor deposition of 
methyltrimethoxysilane or deposition of 
hexamethyldisilazane, both of which have been stated as 
useful in the practice of the invention, to provide a hydro- 
phobic surface and thereby increase the moisture resistance. 
However, the rigid silica insulation is so brittle and the glass 
so brittle, that it easily cracks. Cracks in the glass coating 
result in the hygroscopic silica insulation under the crack 
picking up moisture like a wick. Thus, the glass coated rigid 
ceramic on the shuttle Columbia was damaged by the hail 
storm so much that the integrity of the brittle coating was 
impaired and the insulation absorbed too much water. Thus, 
the silica coating applied according to the invention repre- 
sents an improvement over the thick, brittle, rigid glass 
coatings of the prior art. 

The silica coating is applied to the surface of the ceramic 
insulation by any suitable method such as chemical vapor 
deposition (CVD), low pressure chemical deposition 
(LPCVD), immersion or injection, etc. at the discretion of 
the practitioner. While it may be possible to coat the interior 
and exterior surface of a porous ceramic made from fibers 
with a sol-gel method of which there are many pathways 
known to those skilled in the art, vapor and liquid applica- 
tions are preferred for convenience. As with the waterproof- 
ing agents, there are many silicon containing compounds 
which are useful in coating the ceramic with a silica pre- 
cursor which is then converted to a thin silica coating in the 
practice of the invention. These include polysiloxanes or 
silicone oils, resins, and rubbers or elastomers, as well as 
silanes, substituted silanes, siloxanes, silazanes and other 
silica precursors as will be appreciated by those skilled in the 
art. For example, the silica coating can be applied to the 
interior and exterior surface of the ceramic fibers of rigid and 
flexible insulation by a CVD or LPCVD process in which 
the silica precursor is one or more of tetraethoxysilane, a 
diace toxysilane compound represented by the formula (RO) 
2 Si (0Ac) 2 where R is a tertiarybutyl (DABS) or isopropyl 
(DADIS) moiety or tritertiarybutoxyethoxysilane, 
diacetoxydibutoxysilane, and silicon tetrakisdiethy- 
loxyamine as are known to those skilled in the art and some 
of which are disclosed, for example, in U.S. Pat. No. 
4,597,985. These presursors form a silica coating in-situ on 
the surface of the ceramic in the deposition chamber by 
decomposition of the precursor and therefore do not need to 
be decomposed as a separate step. In the context of the 
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insulation is injected with 43.5 ml of the DMES waterproof- 
ing agent and the bag is then open after 24 hours, the treated 
insulation removed, immersed in distilled water for 15 min., 
removed from the water and weighed. It is found to have 
absorbed 90 wt. % water. A fifth sample of the TABI 
insulation is treated with 59 ml of the DMES the bag kept 
sealed for 24 hours, the treated insulation then removed, 
immersed in the distilled water for 15 min. and weighed. 
After a being treated with 59 mL of DMES, the treated TABI 
is found to have absorbed 44 wt. % water. 

Thus, even after being treated with over 20 times the 
equivalent amount of DMES silane waterproofing agent 
used to waterproof the insulation in Example 1, the water 
absorption of the treated insulation is still unacceptably high 
and more than four times that of Example 1. 

Example 2 

The waterproofed sample of TABI prepared in Example 1 
according to the practice of the invention is tested for 
stability and reusability by rewaterproofing. The silica and 
DMES coated sample of Example 1 is heated in air at 1,000° 
C. to burn off the DMES waterproofing agent by pyrolysis, 
thereby simulating the thermal conditions which occur when 
a space shuttle or other space vehicle enters earth’s atmo- 
sphere. The pyrolyzed sample is placed in a plastic bag 
which is sealed and 0.28 ml of the DMES injected into the 
center to rewaterproof the insulation. The rewaterproofed 
insulation is immersed in distilled water for 15 minutes, 
removed and weighed. The water absorption or pickup is 3.9 
wt. %. This procedure of pyrolyzing and rewaterproofing is 
repeated two more times with the same sample and the water 
absorption is found to be 7.8 wt. % and 7.0 wt. %, respec- 
tively. This thus demonstrates the permanence and reusabil- 
ity of the silica coated ceramic TABI insulation and its 
ability to be successfully rewaterproofed after the DMES 
has been burned off during entry of an insulated space 
vehicle into earth’s atmosphere. 

Example 3 

The same procedure is used in this example that is used 
in Example 1, except that instead of the RTV655 being the 
silica precursor used to form the silica coating on the fibers 
of the TABI insulation, Dow Corning 200 silicone oil is used 
as the silica precursor. The TABI insulation is immersed in 
a 2 wt. % solution of the Dow Corning silicone oil in 
acetone, air dried to eliminate the acetone and then heated in 
air at 1,000° C. for 2 hours to convert the silicone oil to silica 
by pyrolysis. The silica coated ceramic insulation is weighed 
and found to have a silica content of 7.6 wt. %. After placing 
the pyrolyzed sample of insulation in a sealed plastic bag, 
injecting 0.28ml of the DMES waterproofing agent into the 
center of the sample, leaving the bag sealed for 24 hours, and 
then immersing the DMES treated insulation sample in 
distilled water for 15 min., the water absorption or pickup is 
found to be only 0.02 wt. %. Thus, this experiment further 
demonstrates the efficacy of the practice of the invention. 

Example 4 

In this demonstration of the practice of the invention, a 5.7 
gram sample of the TABI insulation is placed in a CVD 
chamber operated at ambient temperature. The chamber is 
cylindrical, being 10 cm in diameter and 10 cm high. 
Trichlorosilane vapor is passed through the chamber at a rate 
of 50 cc/min. for 30 min. After this, 50 cc/min. of nitrogen 
saturated with water vapor, also at ambient temperature (23° 
C.), is passed through the chamber for 30 min. to form a thin 
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coating of siloxane on the insulation. This cycle is repeated 
once more and the chamber sealed for 16 hours. The treated 
TABI sample is removed, weighed and found to have 
increased in weight by 1.1 wt. %. The treated sample is then 
5 heated in air at 1000° C. for 15 min. to pyrolyze the siloxane 
coating to a silica coating and the TABI sample is 
re weighed. After pyrolysis the sample contains 1.05 wt. % 
silica. The pyrolyzed sample is placed in a plastic bag which 
is sealed and injected with 0.28 ml of DMES, left in the 
10 sealed bag for 24 hours, immersed in distilled water for 15 
min., removed from the water and weighed as in Example 1. 
Water pickup is 0.8 wt. %. The sample is then heated in air 
at 1000° C. air to burn off the DMES, rewaterproofed with 
the DMES, immersed in water and weighed to determine 
15 water absorption. This is done three times. The water 
absorption results are 4.8, 3.9 and 4.7 wt. %, respectively. 
This demonstrates that the silica coating is reusable after 
four cycles of being heated in air at 1,000° C. and rewater- 
proofed 

20 

Example 5 

The procedures in Example 4 are repeated in this 
example, but another silane waterproofing agent, hexameth- 
yldisilazane (HMDS), is used instead of the DMES. Thus, a 
25 sample of TABI is placed in the CVD chamber at 23° C. and 
50 cc/min. of trichlorosilane vapor is passed through the 
chamber for 30 min., followed by 50 cc/min. of nitrogen 
saturated with water vapor, etc. to form a siloxane coating on 
the ceramic fibers, with two deposition cycles being used as 
30 in Example 4. The chamber is sealed for 16 hours after 
which the siloxane coated ceramic insulation is removed and 
then heated in air for 15 min. at 1000° C. to pyrolyze the 
siloxane coating to a silica coating. The pyrolyzed insulation 
is weighed and the silica content is 1.4 wt. %. The pyrolyzed 
35 sample is then waterproofed with the HMDS, immersed in 
distilled water for 15 min., removed from the water and 
weighed. The water absorption is 1.7 wt. %. The sample is 
then repeatedly pyrolyzed at 1000° C. in air to burn off the 
HMDS, rewaterproofed with the HMDS, immersed in water 
40 and weighed to determine water pickup as is done in 
Example 4. This is done twice. The water absorption or 
pickup results are 1.2 and 3.9 wt. %, respectively. 

Example 6 

45 This example is similar to Example 4, except that tetra- 
chlorosilane is CVD deposited on the TABI sample, fol- 
lowed by wet nitrogen to form a silica coating on the 
ceramic fibers. Thus, the tetrachlorosilane is used as the 
silica precursor instead of the trichlorosilane. The so-formed 
50 siloxane coated ceramic insulation is heated in air at 1,000° 
C. as before. After pyrolysis, the TABI has a silica content 
of 0.32 wt. %. Waterproofing with DMES followed by 
heating in air to burn off the DMES and rewaterproofing 
with the DMES results in water pickup or absorption of 15.6 
55 and 16.2 wt. %, respectively. 

Example 7 

This example is similar to Example 6, except that after the 
silica coated ceramic is waterproofed with the DMES and 
60 the DMES waterproofed ceramic is heated in air to pyrolyze 
the DMES, the sample is rewaterproofed with HMDS 
instead of DMES. After re waterproofing the water pickup is 
only 4.8 wt. %. 

65 Example 8 

In this example a space vehicle, such as a space shuttle, 
has fibrous ceramic insulation such as the flexible TABI 
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described above which contains the alumina batting and 
which is waterproofed according to the practice of the 
invention in which the fibers of the insulation are coated 
with a silica coating and then coated with a silane water- 
proofing agent. The vehicle is exposed to the atmosphere for 
several days before lift-off during which a rain storm occurs 
a day before the scheduled lift-off. The insulation on the 
vehicle absorbs less than 5 wt. % water which is not 
detrimental to launching and operating the shuttle in space. 
The space shuttle goes into orbit for a period of time and 
returns to earth. On reentering the earth’s atmosphere during 
its return to earth, the aeroconvective heat experienced on 
reentry burns the silane waterproofing agent off the ceramic 
insulation. After arrival and docking on earth’s surface, the 
space shuttle is moved into a processing enclosure. A silane 
waterproofing agent, such as HMDS, is injected into the 
ceramic insulation at a plurality of injection points around 
the vehicle. The surface of the vehicle is then sealed with a 
plastic covering. After 24 hours the plastic covering is 
removed from the vehicle and the ceramic insulation is again 
waterproof. The space vehicle is again able to withstand 
contact with water or water vapor with less than 5 wt. % 
water absorption of the ceramic insulation. After prepara- 
tions have been made, the rewaterproofed vehicle is again 
ready to be launched into space without damage to the 
ceramic insulation should it rain shortly before lift-off. Thus, 
the practice of the invention permits the ceramic insulation 
on the space vehicle to be rewaterproofed in-situ on the 
vehicle. This procedure is repeated many times before the 
ceramic insulation must be removed from the vehicle and 
the silica coating reapplied to the insulation. 

Example 9 

In this experiment a sample of the TABI insulation was 
contacted with methyltrimethoxysilane (MTMS) liquid/ 
vapor at ambient conditions as a silica presursor. After one 
hour, the MTMS coated sample was then placed in a sealed 
plastic bag and treated with DMES waterproofing agent, the 
bag left sealed for 24 hours, the treated sample removed, 
immersed in distilled water for 15 min., removed and 
weighed. The sample is found to have absorbed less than 25 
wt. % water. The sample is then heated in air at 1,000° C. for 
two hours which destroyed the waterproofing and pyrolyzed 
50% of the MTMS silica precursor to silica. This sample is 
then rewaterproofed with the DMES and the water absorp- 
tion is still less than 5 wt. %. This example thus demon- 
strates an embodiment in which a reusable silica coating is 
formed formed on the insulation during simulated space 
vehicle reentry conditions. 

It is understood that various other embodiments and 
modifications in the practice of the invention will be appar- 
ent to, and can be readily made by, those skilled in the art 
without departing from the scope and spirit of the invention 
described above. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the exact 
description set forth above, but rather that the claims be 
construed as encompassing all of the features of patentable 
novelty which reside in the present invention, including all 
the features and embodiments which would be treated as 
equivalents thereof by those skilled in the art to which the 
invention pertains. 

What is claimed is: 

1. A method for waterproofing porous ceramic thermal 
insulation having an exterior and an interior surface which 
comprises coating said exterior and interior surfaces with a 
silica precursor, converting said precursor to silica to form 
a silica coating less than one micron thick, and then coating 
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said silica coated ceramic with a coating of a silicon con- 
taining waterproofing agent less than one micron thick. 

2. A method according to claim 1 wherein said precursor 
is converted to silica by heating in an oxidizing atmosphere 

5 at a temperature and for a time sufficient to effect said 
conversion. 

3. A method according to claim 1 wherein said silica 
precursor decomposes on said exterior and interior surface 
to form said silica coating during said deposition process. 

4. A method according to claim 3 wherein said water- 
proofing agent is selected from the group consisting of a 
substituted silane, a silazane and mixture thereof. 

5. A method according to claim 4 wherein said thermal 
insulation has a void volume of more than 90%. 

6. A method according to claim 5 wherein said ceramic 
15 includes alumina. 

7. A method according to claim 2 wherein said water- 
proofing agent is selected from the group consisting of a 
substituted silane, a silazane and mixture thereof. 

8. A method according to claim 7 wherein said ceramic 
20 includes alumina. 

9. A flexible waterproofed ceramic composite comprising 
a porous ceramic blanket insulation fabricated from ceramic 
fibers, wherein said composite has an exterior surface which 
is coated with a thin coating of silica less than one micron 

25 thick and wherein a thin coating of a silicon containing 
waterproofing agent less than one micron thick is disposed 
over said silica coating. 

10. A method according to claim 1 wherein said water- 
proofed insulation is exposed to a high temperature envi- 

30 ronment which removes said waterproofing agent, but not 
said silica coating, and wherein a coating of said water- 
proofing agent is reapplied to said silica coated surfaces. 

11. A method according to claim 1 wherein said water- 
proofed thermal insulation absorbs less than 25 wt. % water 

35 after being immersed in distilled water for fifteen minutes. 

12. A method according to claim 5 wherein said water- 
proofed thermal insulation absorbs less than 15 wt. % water 
after being immersed in distilled water for fifteen minutes. 

13. A method according to claim 5 wherein said water- 
40 proofed thermal insulation absorbs less than 5 wt. % water 

after being immersed in distilled water for fifteen minutes. 

14. A method for waterproofing porous thermal insulation 
having an exterior and an interior surface which comprises 
at least one ceramic material and which is useful for the 

45 thermal protection system on a space vehicle, said method 
comprising coating said exterior and interior surface with a 
silica precursor, converting said precursor to silica to form 
a silica coating less than one micron thick, and then coating 
said silica coated exterior and interior surfaces with a 
50 coating less than one micron thick of a silicon containing 
waterproofing agent. 

15. A method according to claim 14 wherein said water- 
proofed insulation absorbs less than 15 wt. % water after 
being immersed in distilled water for fifteen minutes. 

55 16. A method according to claim 14 wherein said insula- 

tion includes alumina. 

17. A method according to claim 16 wherein said alumina 
is in the form of a batting made of alumina fibers. 

18. A method according to claim 14 wherein said silica 
60 precursor converts to silica during said coating process. 

19. A method according to claim 18 wherein said water- 
proofed insulation absorbs less than 15 wt. %, water after 
being immersed in distilled water for fifteen minutes. 

20. A method according to claim 19 wherein said insula- 
65 tion includes alumina. 

21. A method according to claim 16 wherein said alumina 
is in the form of a batting made of alumina fibers. 
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22. A method according to claim 21 wherein said water- 
proofed insulation absorbs less than 15 wt. % water after 
being immersed in distilled water for fifteen minutes. 

23. A method according to claim 19 wherein said water- 
proofed insulation absorbs less than 10 wt. % water after 
being immersed in distilled water for fifteen minutes. 

24. A method according to claim 14 wherein said insula- 
tion has a void volume of at least 90%. 

25. A method according to claim 14 wherein said water- 
proofed insulation is exposed to a high temperature envi- 
ronment which removes said waterproofing agent, but not 
said silica coating, and wherein a coating of said water- 
proofing agent is reapplied to said silica coated surfaces. 

26. A method for waterproofing a porous and flexible 
thermal insulating material having an exterior and an interior 
surface and comprising at least one material from the group 
consisting of fabric, batting, fiber and felt made of at least 
one member from the group consisting of ceramic fiber, 
thread and filament, said method comprising coating said 
exterior and interior surfaces with a silica precursor, con- 
verting said precursor to silica to form a silica coating less 
than one micron thick, and then coating said silica coated 
surfaces with a coating less than one micron thick of a 
silicon containing waterproofing agent. 

27. A method according to claim 26 wherein said insula- 
tion comprises a multilayered flexible blanket of insulation 
comprising at least one layer containing of at least one 
material of from the group ceramic fabric, batting, fiber and 
felt. 
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28. A method according to claim 27 wherein at least one 
of said layers comprises a ceramic fabric which comprises 
alumina fiber. 

29. A method according to claim 27 wherein at least one 

5 of said layers comprises alumina. 

30. A method according to claim 27 wherein said water- 
proofed insulation is exposed to a high temperature envi- 
ronment which removes said waterproofing agent, but not 

10 said silica coating, and wherein a coating of said water- 
proofing agent is reapplied to said silica coated surfaces. 

31. A waterproofed, porous and flexible thermal insulating 
material having an exterior and an interior surface and 
comprising at least one material from the group consisting of 

15 fabric, batting, fiber and felt made of at least one member 
from the group consisting of ceramic fiber, thread and 
filament, wherein exterior and interior surfaces are coated 
with a silica coating less than one micron thick and wherein 
said silica coated surfaces are coated with a coating less than 

20 one micron thick of a silicon containing waterproofing 
agent. 

32. A material according to claim 31 having a void 
volume of at least 90%. 

25 33. A material according to claim comprising alumina and 

which absorbs less than 25 wt. % water after being 
immersed in water for fifteen minutes. 



